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LipogenesisA metabolic abnormality in lipid biosynthesis is frequently associated with obesity and hyperlipidemia. Nicotin-
amide adenine dinucleotide phosphate‐oxidase (NADPH) is an essential reducing equivalent for numerous
enzymes required in fat and cholesterol biosynthesis. Cytosolic NADP+-dependent isocitrate dehydrogenase
(IDPc) has been proposed as a key enzyme for supplying cytosolic NADPH. We report here that knockdown of
IDPc expression byRibonucleic acid (RNA) interference (RNAi) inhibited adipocyte differentiation and lipogenesis
in 3T3-L1preadipocytes andmice. Attenuated IDPc expression by IDPc small interfering RNA (siRNA) resulted in a
reduction of differentiation and triglyceride level and adipogenic protein expression as well as suppression of
glucose uptake in cultured adipocytes. In addition, the attenuation of Nox activity and Reactive oxygen species
(ROS) generation accompanied with knockdown of IDPc was associatedwith inhibition of adipogenesis and lipo-
genesis. The loss of body weight and the reduction of triglyceride level were also observed in diet-induced obese
mice transducedwith IDPc short-hairpin (shRNA). Taken together, the inhibiting effect of RNAi targeting IDPc on
adipogenesis and lipid biosynthesis is considered to be of therapeutic value in the treatment and prevention of
obesity and obesity-associated metabolic syndrome.
© 2012 Elsevier B.V. All rights reserved.1. Introduction
Obesity, deﬁned as an increased adipose tissue mass, is a major fac-
tor in increasing the risk of serious diseases such as heart disease, hyper-
tension, stroke, cancer, diabetes, and osteoarthritis [1–3]. A metabolic
abnormality in lipid biosynthesis is frequently associated with obesi-
ty and hyperlipidemia [1]. NADPH is required as a reducing equiva-
lent for numerous enzymes involved in fat and cholesterol biosynthesis,
such as 3-L-hydroxylacyl-coenzyme A dehydrogenase, enoyl-coenzyme
A reductase, and hydroxymethylglutaryl-coenzyme A reductase [4].
There are 4 enzyme sources of cytosolic NADPH: glucose 6-phosphate
dehydrogenase (G6PD), 6-phosphogluconate dehydrogenase (PGD),
malic enzyme and cytosolic NADP+-dependent isocitrate dehydroge-
nase (IDPc) [5]. G6PD, the ﬁrst and rate-limiting enzyme of the pentose
phosphate pathway, has long been regarded as the major enzyme to
generate cytosolic NADPH [6]. However, earlier study indicated that
IDPc in the rat liver was 16- and 18-folds more active in producing
NADPH than G6PD and malic enzyme, respectively [7]. Furthermore, it
has been reported that certain adaptive changes in the pentose phos-
phate pathway dehydrogenases did not take place in parallel with fat
synthesis in adipose tissue and suggested that a major source of
NADPH for fat synthesis could be IDPc [8]. Moreover, IDPc is expressed+82 53 943 2762.
rights reserved.mainly in lipogenic tissues such as liver and adipocytes, whereas
G6PDH and PGD are expressed ubiquitously [9,10]. Recently, we have
demonstrated that increased expression of IDPc in 3T3-L1 adipocytes
and transgenic mice enhanced adipogenesis and lipogenesis [4]. These
data indicate that NADPH-producing IDPc may play an important role
in fat and cholesterol biosynthesis by supplying the required cofactor,
NADPH.
Oxidative stress, or the chronic generation of reactive oxygen species
(ROS), is thought to contribute to the progression of metabolic diseases
including obesity [12]. Inmost tissue types, constitutively active NADPH
oxidase (Nox) produced low levels of superoxide (O2−). In addition, ac-
tivation of Nox after stimulation by a variety of factors leads to a subse-
quent elevation in O2− generation in pathophysiological conditions [12].
Nox transports electrons from cytoplasmic NADPH across cell and or-
ganelle membranes to generate O2− and downstream ROS [13]. In this
aspect, modulation of activity of cytosolic NADPH generating enzymes
such as IDPc may regulate ROS level and subsequently adipogenesis
and lipogenesis.
In the present report, we have shown that knockdown of IDPc ex-
pression by RNA interference (RNAi) inhibited adipocyte differentiation
and lipogenesis in 3T3-L1 preadipocytes, whichwere originally derived
from mouse embryos and have served as a useful in vitro model for
adipocyte differentiation and function [4], and mice. In addition, the
attenuation of Nox activity and ROS generation accompanied with
knockdown of IDPc is associated with inhibition of adipogenesis and
lipogenesis. The inhibiting effect of RNAi targeting IDPc on adipogenesis
1182 W.S. Nam et al. / Biochimica et Biophysica Acta 1822 (2012) 1181–1188and lipid biosynthesis is considered to be of therapeutic value in the
treatment and prevention of obesity and obesity-associated metabolic
syndrome.
2. Materials and methods
2.1. Materials
Dihydroethidium (DHE), 2′,7′-dichloroﬂuorescein diacetate
(DEFY-DA) and lucigenin were purchased from Molecular Probes
(Eugene, OR). 2-[N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-
deoxy-D-glucose (2-NBDG) was purchased from Invitrogen (Carlsbad,
CA). The anti-GLUT4 and Nox4 antibodies were purchased from Santa
Cruz (Santa Cruz, CA). The anti-FAS antibody was purchased from Cell
Signaling (Beverly, MA). The anti-PPARγ antibodies were purchased
from Millipore Co. (Bedford, MA). The anti-adiponectin antibody
was purchased from R&D System (Minneapolis, MN). A puriﬁed
mouse IDPc was used to prepare polyclonal anti-IDPc antibodies in
rabbits as previously described [14]. Other reagents were purchased
from Sigma Chemical Co. (St. Louis, MO).
2.2. Cell culture
3T3-L1 cells were cultured in growth medium containing Dulbecco
modiﬁed Eagle medium (DMEM), 10% FBS and penicillin/streptomycin
(100 units/ml each) at 37 °C in a 5% CO2 atmosphere. Differentiation of
3T3-L1 cells to adipocytes was induced by treatment of conﬂuent
monolayers with 5 μg/ml insulin, 1 μM dexamethasone and 500 μM 3-
isobutyl-1-methylxanthine in DMEM containing 10% FBS. Culture
medium was changed every 2 days with DMEM containing 10% FBS
and insulin (5 μg/ml).
2.3. Knockdown of IDPc by siRNA
IDPc siRNA and control (scramble) siRNAwere purchased from Sam-
chully Pharm (Seoul, Korea). The sequences of the dsRNAs of IDPc and
control used in the current experiments were as follows. For IDPc,
sense and antisense IDPc siRNA were 5′-GGACUUGGCUGCUUG-
CAUUdTdT-3′ and 5′-AAUGCAAGCAGCCAAGUCCdTdT-3′. For scrambled
control, sense and antisense siRNAs were 5′-CUGAUGACCUGAGU-
GAAUGdTdT-3′ and 5′-CAU UCACUCAGGUCAUCAGdTdT-3′, respec-
tively. 3T3-L1 cells were transfected with 20 nM oligonucleotide by
using Lipofectamine RNAi MAX (Invitrogen) in serum-free condi-
tions according to the manufacturer's protocol. After incubation for
24 h, the cells were washed and supplemented with fresh medium
containing 10% FBS.
2.4. RT-PCR analysis
Total RNA was isolated using RNeasy Lipid Tissue kit (Qiagen)
according to the manufacturer's instruction. The cDNA template was
then ampliﬁed by quantitative reverse transcription PCR (RT-PCR)
using the following speciﬁc primers: IDPc, 5′-GCTTCATCTGGG CCAG-
TAAAAACTATG-3′ (forward) and 5′-GTAAACCTTTAA TGCTAGCAGC-
CAAGTCC-3′ (reverse); and actin, 5′-TCTACA ATGAGCTGCGTGTG-3′
(forward) and 5′-ATCTCCTTCTGC ATCCTGTC-3′ (reverse). The primer
sequences of Nox4 and p22phox were described previously [15]. The
ampliﬁed DNA products were resolved on a 1% agarose gel, which was
stained with ethidium bromide.
2.5. Enzyme assays
Activity of IDPc was determined by the production of NADPH at
340 nm at 25 °C. Cytosolic fraction of cells was added to 1 ml of
40 mM Tris buffer, pH 7.4 containing NADP+ (2 mM), MgCl2 (2 mM),
and isocitrate (5 mM). Glycerol-3-phosphate dehydrogenase (G3PDH)activity was determined spectrophotometrically in the sonicated cell
extracts. The reaction buffer contained 100 mM triethanolamine-
HCl (pH 7.5), 2.5 mM EDTA, 0.1 mM 2-mercaptoethanol, 0.12 mM
NADH and 0.2 mM dihydroxyacetone phosphate. The change in absor-
bance at 340 nmwas followed at 25 °Cwith the Shimazu UV1650 spec-
trophotometer. Nox activity was carried out using lucigenin (bis-N-
methylacridinium nitrate)-enhanced chemiluminescence (LECL) as
described previously [16]. 3T3-L1 cells differentiated for 8 days were
starved for 2 h in FBS free medium. After preincubated for 30 min at
37 °C in KRB containing 0.2 mM lucigenin, stimulus-activated LECL
responses were recorded in an LKB Wallac 1251 chemiluminometer
(Turku, Finland).2.6. Western blot analysis
Proteins were separated by SDS-PAGE and transferred to nitrocel-
lulose membranes. The membranes were subjected to immunoblot
analysis with primary antibody at 4 °C. The proteins were subsequently
hybridized with a horse-radish peroxidase-conjugated second anti-
body (1:2000 dilutions). Finally, immunoreactive proteins were visual-
ized using the enhanced chemiluminescence detection kit (Amersham
Pharmacia Biotech).2.7. Cellular NADPH levels
NADPH was measured using the method described previously [17]
and were expressed as the ratio of NADPH to the total NADP pool
(NADPH/NADPt). Brieﬂy, the reaction mixture contained 100 mM Tris
(pH 8.0), 5 mM EDTA, 2 mM phenazine ethosulfate, 0.5 mM MTT,
1.3 units G6PD, and ﬁxed amounts of the cell extracts were preincu-
bated for 5 min at 37 °C. The reaction was started by the addition of
1 mM glucose 6-phosphate. The absorbance at 570 nm was measured
for 3 min.2.8. Oil Red O staining
Cells were ﬁxed and stained with Oil Red O to morphologically as-
sess adipocyte differentiation. Cells were washed with PBS and ﬁxed
with 10% formaldehyde in PBS. They were incubated for 30 min with
a 0.5% Oil Red O in isopropyl alcohol/water (60/40, v/v) solution, and
washed four times with PBS, and then stained with Oil Red O at room
temperature for 10 min at room temperature. The cells were then
washed in water four times. The percentage of lipid-positive cells was
determined with a Zeiss Axiovert 200 inverted microscope.2.9. Measurement of 2-NBDG uptake
The 3T3-L1 adipocytes cultured in DMEM for 2 h were washed with
Krebs–Ringer phosphate buffer (KRB) containing 2.8 mM glucose. Cells
were then stimulated with insulin (100 nM) for 10 min in KRB at 37 °C.
Uptake was initiated by an addition of a ﬂuorescent derivative of 2-
NBDG (600 μM) in 2.8 mM glucose containing KRB, as described previ-
ously [18]. After 15 min of incubation, the cells were washed three
times with ice-cold KRB and then lysed by freeze–thaw. Fluorescence
of 2-NBDGwasmeasured using aﬂuorimeter (VICTOR3 1420Multilabel
Counter, PerkinElmer) at a wavelength of 540 nm (excitation wave-
length 485 nm).2.10. Measurement of triglyceride cellular level
The amount of intracellular triglycerides was determined with the
Cleantech TG-S Kit (Asan Pharmacy Ltd., Korea) after cell lysis.
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The intracellular accumulation of ROS was determined using the
ﬂuorescent probes DCFH-DA and DHE. Brieﬂy, 3T3-L1 cells differenti-
ated for 8 days were loaded with 10 μM DCFH-DA or 5 μM DHE
for 30 min at 37 °C, and then ROS levels were analyzed by the Zeiss
Axiovert 200 inverted microscope. Superoxide generation in the cul-
tured adipocytes was detected using a nitroblue tetrazolium (NBT)
assay. The 3T3-L1 cells were incubated for 90 min in PBS containing
0.2% NBT. The formazan precipitates were dissolved by the addition
of 50% acetic acid. The absorbance of blue formazan was measured
at 560 nm using the Shimazu UV1650 spectrophotometer. Extracel-
lular H2O2 was detected using Amplex Red and ﬂuorescence micro-
scopy. Fluorescence intensity was performed using a ﬂuorimeter
(VICTOR3 1420 Multilabel Counter, PerkinElmer).
2.12. Mice and diets
All experiments were performed with 4-week-old male BALB/c
mice obtained from Central Lab. Animal Inc. (Seoul, Korea). Animal
studies were conducted in accordance with the institutional guideline
for the care and use of laboratory animal. After an acclimation period
of 1 week, mice were randomly assigned to two groups, chow or high
fat diet. Chowmice were fed Research Diets Rodent Diet with 10%kcal
fat, whereas diet-induced obesity (DIO) mice ate a Rodent Diet
with 60%kcal fat for 18 weeks. Mice were housed 4 per cage in a
temperature-controlled room and were maintained on a 14/10-h
light–dark cycle. To stably suppress IDPc, we used pLKO.1 lentiviral
constructs containing short-hairpin RNA (shRNA) purchased from
Sigma Chemical Co. (St. Louis, MO) and recombinant lentivirus was
produced from Macrogen (Seoul, Korea). The sequence of IDPc
shRNA was 3′-CCGGCCTGGGCTTAGAATGAGTCTTCTCGAGAAGACT-
CATTCTAAGCCCAGGTTTTTG-5′. Control (scramble) shRNA lentivirus
(shLenti 3.4G-scramble) was purchased from Macrogen (Seoul,
Korea). Control and IDPc lentivirus transduced BALB/c mice, 4×105
TU lentivirus infection by tail vein injection once a week for 6 weeks.
For mouse tissue analysis, tissues were ruptured and lysed at 4 °C in
pH 7.0 lysis buffer containing 20 mMHEPES, 0.15 M NaCl, 10% glycerol,
1% Triton X-100, 1 mM EDTA, homogenized, centrifuged at 14,000 rpm
for 10 min.
2.13. Statistical analysis
All data were described as mean±SD. Statistical analysis was per-
formed using Student's t-test for comparison of two groups. P values
less than 0.05 were considered as statistically signiﬁcant. Representa-
tive results from at least three independent experiments are shown,
unless otherwise stated.A B
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Fig. 1. Knockdown of IDPc by siRNA in 3T3-L1 cells. (A) 3T3-L1 cells were transfected with a
was analyzed by immunoblotting using an anti-IDPc IgG. β-Actin was analyzed as a loading
was isolated from the indicated transfected cells, and then IDPc mRNA levels were determine
(C) Activity of IDPc in undifferentiated (open bars) and differentiated (shaded bars) 3T3-L1 cells.
three independent experiments. *pb0.01 versus undifferentiated control cells. *pb0.01 versus3. Results
3.1. Knockdown of IDPc by siRNA
The knockdown of gene expression by RNAi has proved to be a pow-
erful tool for the study of gene functions in vitro and in vivo [19]. In
vitro-transcribed siRNA speciﬁc for the mRNA of IDPc was used for the
transient transfection in 3T3-L1 cells. After transfection, the cells were
allowed to differentiate for 8 days, and then the cells were evaluated
for IDPc protein expression by immunoblotting assay. IDPc siRNA was
effective in decreasing IDPc protein levels (Fig. 1A). IDPc mRNA level
measured by RT-PCR was signiﬁcantly decreased in IDPc siRNA-
transfected cells compared with scrambled siRNA-transfected control
cells (Fig. 1B). The IDPc siRNA-transfected 3T3-L1 cells exhibited ~50%
less IDPc activity when compared with that of control cells (Fig. 1C).
Aswe reported previously [4], both IDPc enzyme activity and its protein
content were increased during adipocyte differentiation, whereas its
mRNA level remained constant.
3.2. Knockdown of IDPc impairs adipogenesis and lipogenesis
We next investigated the effect of IDPc knockdown on adipogen-
esis and lipogenesis. After 8 days of differentiation, 3T3-L1 cells trans-
fected with IDPc siRNA attenuated adipocyte differentiation with a
little lipid droplet accumulation, which was detected by Oil Red O
staining (Fig. 2A). Furthermore, the activity of G3PDH, an essential
enzyme in triglyceride synthesis, and the cellular levels of triglyceride
were signiﬁcantly decreased in IDPc siRNA transfected 3T3-L1 cells
(Fig. 2B and C). Adipogenesis is characterized by the successive acti-
vation of transcriptional factors and their downstream gene targets,
resulting in lipid accumulation [3]. Dysregulated production of these
adipogenic proteins participates in the pathogenesis of obesity-
associated metabolic syndrome [20]. To determine whether the reduc-
tion of IDPc expression might affect adipogenic protein expression in
3T3-L1 cells, we performedwestern blot analysis of adipogenesis mark-
er proteins. As shown in Fig. 2D, 3T3-L1 cells transfected with IDPc
siRNA showed attenuated protein levels of lipogenic protein FAS and
those of adipogenic proteins including peroxisome proliferator-
activated receptor γ (PPARγ) and adiponectin.
3.3. Knockdown of IDPc suppresses glucose uptake
The insulin-dependent glucose transporter, GLUT4, is expressed ex-
clusively in adipose tissue, cardiacmuscle, and skeletalmuscle, where it
functions to regulate glucose uptake into these tissues in response to
elevated levels of insulin in the circulation [21]. As shown in Fig. 3, insu-
lin treatment to differentiated 3T3-L1 cells resulted in a signiﬁcant in-
crease in glucose uptake associated with GLUT4 expression and GLUT4C
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Fig. 2. Knockdown of IDPc impairs adipocyte differentiation. (A) Preadipocyte 3T3-L1 cells transfected with control scrambled siRNA (scr) or IDPc siRNA (IDPc) were allowed to
differentiated into fat cells for 8 days and then stained with Oil red O to visualize fat accumulation. Oil Red O staining was quantitated and expressed as percentage of the differ-
entiated control. UD, undifferentiated; D, differentiated. (B) Activity of G3PDH in undifferentiated (open bars) and differentiated (shaded bars) 3T3-L1 transfectant cells. Activity of
differentiated control cells is expressed as 100%. Data represent the means±S.D. of three independent experiments. *pb0.01 versus differentiated control cells. (C) Triglyceride
content relative to the differentiated control is shown. Open and shaded bars represent undifferentiated and differentiated 3T3-L1 cells, respectively. Data represent the means±S.D.
of three independent experiments. *pb0.01 versus differentiated control cells. (D) Immunoblot analysis of adipogenesis marker proteins in undifferentiated and differentiated 3T3-L1
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GLUT4 (Fig. 3A) andGLUT4 expression (Fig. 3B) aswell as glucose uptake
(Fig. 3C), which was determined by 2-NBDG uptake, was signiﬁcantly
reduced in IDPc siRNA-transfected cells compared to control cells. The
link between the IDPc knockdown and the suppression of GLUT4
expression was further conﬁrmed by oxalomalate, a competitive inhib-
itor of IDPc [22]. When 3T3-L1 transfectant cells were exposed to 5 mM
oxalomalate, GLUT4 expression was markedly reduced as shown in
Fig. 3B.
3.4. Modulation of ROS production by suppression of IDPc expression
ROS production was markedly increased during differentiation of
3T3-L1 cells into adipocytes, suggesting that ROS production increases
in parallel with fat accumulation in adipocytes [20]. To investigate
whether suppression of IDPc expression modulates ROS production in
the adipocytes, we transfected 3T3-L1 adipocytes with IDPc siRNA and
measured the levels of intracellular ROS using DCFH-DA (Fig. 4A) and
DHE (Fig. 4B). ROS production in fully differentiated 3T3-L1 adipocytes
was markedly suppressed in IDPc siRNA-transfected cells compared
with control cells. In addition, superoxide production determined using
the NBT assay was attenuated signiﬁcantly in IDPc siRNA-transfected
cells compared with control cells (Fig. 4C). We also evaluated the levels
of extracellular ROS released by the cells using Amplex Red hydrogen
peroxide assay. The release of H2O2 into the media by the 3T3-L1 adipo-
cytes was suppressed markedly by transfection of IDPc siRNA to adipo-
cytes (Fig. 4D).
3.5. Modulation of NADPH pool and Nox4 activity by IDPc siRNA
transfection
Recent studies of adipocytes found that Nox4, amember of Nox fam-
ily, plays a role in the generation of H2O2 [23]. Therefore, Nox activity is
a very important element of 3T3-L1 cells during adipocyte differentia-
tion [20]. NADPH is required for ROS generation by Nox. An enzymaticcycling assay was employed to quantify NADPH and NADP+ in whole
cell extract. The ratio for [NADPH]/[NADP++NADPH] was signiﬁcantly
decreased in IDPc siRNA transfected cells (Fig. 5A). Considering the
signiﬁcant attenuation of IDPc activity and subsequently NADPH levels,
we performed experiments to determine whether activity and expres-
sion of Nox were also altered in IDPc siRNA-transfected 3T3-L1 cells.
Nox activity was signiﬁcantly decreased (Fig. 5B), however, differences
in Nox4 protein (Fig. 5C) and mRNA (Fig. 5D) were not pronounced.
Because Nox4 requires the membrane-associated subunit p22phox for
function [24], we evaluated the expression of p22phox in 3T3-L1 trans-
fectant cells. Knockdown of IDPm resulted in the attenuation of
p22phox expression (Fig. 5D), suggesting that decreased expression of
p22phox may also be responsible for the reduction of Nox activity.
3.6. Effects of IDPc silencing on mice with high fat diet
shRNA provides a tool for the study of gene functions in vivo. The
immunoblot analysis and activity assay showed that the protein level
(Fig. 6A) and enzyme activity of IDPc (Fig. 6B) in the liver of BALB/c
mice transduced with IDPc shRNA were signiﬁcantly lower than
that in control mice transduced with scrambled shRNA. The body-
weight of DOI mice was signiﬁcantly higher than that of Chow mice.
However, mice transduced with IDPc shRNA gained signiﬁcantly less
body weight compared with control mice (Fig. 7A). Attenuated white
adipose tissue (WAT) weight (Fig. 7B) and triglyceride levels (Fig. 7C)
were also observed in DOI mice transducedwith IDPc shRNA compared
with control mice.
4. Discussion
Multiple risk factor syndrome or metabolic syndrome is a growing
medical problem in industrialized countries [25]. Obesity is closely
associated with abnormal lipid metabolism. It is known that adipocyte
differentiation and the extent of subsequent fat accumulation are close-
ly related to the occurrence and advancement of various diseases such
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fat and cholesterol biosynthesis, acetyl-CoA and NADPH are absolutely
required as the common precursor and the essential cofactor, respec-
tively. Therefore, it has been suggested that key NADPH producers
may contribute to the regulation of body fat and cholesterol [4].
Although G6PD has been considered a major NADPH producer for
lipid synthesis, we report that IDPc plays a critical role in adipogenesis
and lipogenesis. Increased expression of IDPc by stable transfection of
IDPc cDNA positively correlated with adipogenesis in 3T3-L1 cells,
whereas decreased IDPc expression by an antisense IDPc vector retard-
ed adipogenesis. In addition, transgenic mice with overexpressed IDPc
exhibited fatty liver, hyperlipidemia, and obesity [4].+- - - -+ + +
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zyme according to dependence on either NAD+ or NADP+. Mitochon-
drial NAD+-dependent isocitrate dehydrogenase catalyzes oxidative
decarboxylation of isocitrate in the tricarboxylic acid cycle [26]. The
two NADP+-dependent forms, IDPc and mitochondrial NADP+-
dependent isocitrate dehydrogenase (IDPm), are cytosolic and mito-
chondrial isoenzymes, respectively. Recently, we have demonstrated
that IDPm and IDPc play important roles in providing NADPH for the
regeneration of reduced glutathione in the mitochondria and the cyto-
sol, respectively, in cellular defense against oxidative damage [14,27].
Besides being involved in the protection of cells from oxidative stress,
other biological functions have been considered. For instance, Yan et al.ID
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Fig. 7. Bodyweight, WATweight and blood triglyceride levels of IDPc shRNA-transduced mice. Chowmice were fed Research Diets Rodent Diet with 10%kcal fat, whereas DIO mice ate a
Rodent Diet with 60%kcal fat for 18 weeks. Bodyweightwasmeasured once aweek for 18 weeks. Bodyweight change after 18 weeks (A),WATweight (B) and blood triglyceride levels of
control (open bars) and IDPc shRNA-transduced (shaded bars) mice. **pb0.05 and *pb0.01 versus control DOI mice.
1187W.S. Nam et al. / Biochimica et Biophysica Acta 1822 (2012) 1181–1188[28] described that mutations of IDPm and IDPc genes occur in a
majority of several types of malignant gliomas. Someya et al. [29]
show that the sirtuin Sirt3 mediates the protective effects for calorie
restriction on age-related hearing loss by promoting the mitochon-
drial antioxidant system through the regulation of IDPm. In addition,
Ronnebaum et al. [30] show that IDPc plays a critical role in cellular
glucose sensing.
Redox status plays critical roles in regulating cellular metabolism,
therefore, oxidative stress is an important element in metabolic dis-
eases [11,31]. For instance, fat accumulation is correlated with systemic
oxidative stress in obese humans and mice [20]. It has been suggested
that Nox is a major source of ROS in adipocytes [20]. Nox4 is a member
of the Nox family of NADPH oxidases and Nox4 generates substantial
amounts of ROS without a need for cell stimulation, whereas Nox1-
and Nox2-dependent ROS formations require activation of the proteins
by cytosolic activators, [24]. Consequently, it has been proposed that
inhibition of Nox4 should improve the dysregulation of adipocytokines
and insulin sensitivity via restoration of normal ROS production in
obese adipocytes [20]. NADPH is a major cellular reductant, which
plays key roles in many biological processes by providing essential
reducing capacity for many critical cellular functions. These functions
includemaintenance of the antioxidant system, lipid biosynthesis, func-
tion of the cytochrome P450 system [32], nitric oxide synthesis [33],
tetrahydrobiopterin synthesis [34], and HMG CoA reductase activity
[35], as well as NADPH oxidase activity [36]. Knockdown of IDPc ex-
pression decreased NADPH/NADPt accompanied by decreased Nox4
activity, and subsequently ROS levels. Although antioxidant activity
of IDPc may be decreased by reduced level of NADPH/NADPt, the role
of NADPH as a substrate for prooxidative enzyme Nox4 may be
predominant.
In summary, we demonstrate evidence for the anti-obesity role of
RNA interference against IDPc inmodulating adipogenesis and lipogen-
esis. Attenuated expression of IDPc reduced adipogenesis of 3T3-L1
preadipocytes and reduced glucose uptake and fat biosynthesis. In addi-
tion, suppression of IDPc expression resulted in the inhibition of Nox4
activity accompanied by a decreased level of NADPH/NADPt, which
subsequently reduced ROS levels in differentiated adipocytes. We also
observed that the knockdown of DOI mice by IDPc shRNA reduced
bodyweight accompaniedwith hypolipidemia comparedwith the con-
trol DOI mice. The results of this study suggest that RNAi targeting IDPc
may have potential therapeutic implications in obesity and obesity-
associated syndrome.
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